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OPTICAL SUBSCRIBER SYSTEM AMD TRANSMISSION LINE DISTANCE 
MONITORING METHOD 

FIELD OF THE INVENTION 

5 The invention relates to an optical subscriber system and 

a transmission line distance monitoring method, and more 
particularly to an optic*! subscriber system which, when the 
transmission line distance between station equipment and a 
subscriber unit exceeds a reference value, issues an alarm and 
10 can stop the start control tor the subscriber unit, and a 
transmission line distance monitoring method* 

BAcynpntmD of the invention 
In advancing access infrastructure for multimedia 

15 services, such as FTTH (fiber to the home), the development of 
an optical access network {PON: passive optical netwox~k) system 
as means for reducing cost per subscriber line to realize the 
utilization of optical subgcriber lines hac been eagerly- 
carried out in the art. 

20 The PON techniaue is one of techniques for realizing an 

optical communication network utilizing broadband properties of 
fibers, and this optical communication network has drawn 
attention as s network which ie cuitable for providing 
multimedia services, such as CATV and VOD, through laying of 

25 optical fibers in homes. 

In an ATM- PON system, wherein an asynchronous transfer 
mode (ATM) has been aDDlied to optical lines, optical outpute 
from station equipment arc branched in a star coupler and are 



input into a pluralicy of subscriber units. On the other hand, 
optical outputs from the optical subscriber units axe combined 
in the star coupler and are input into the station equipment. 

Regarding this network, ctudiec have been made on the 
utilization of wavelength multiplexing techniaues with a view 
to realizing high-capacity transmission. In particular, a 
transfer technique, wherein the wavelength used in trailing 
data (Station equipment -» subscriber unit) ic different from 
the wavelength used in leading data (subscriber unit — > station 
equipment), has been proposed and has drawn attention. In this 
technique, in the case of leading data, a common identical 
wavelength is used for a plurality of subscribers. Therefore, 
leading data sent trom the subscribers collide against each 
other within the optical transmission line, and this poses a 
problem the daLa cannot be demodulated in the station equipment. 
In order to avoid this, a method has been proposed wherein the 
ctation equipment instructs the plurality of subscribers on the 
timing of leading data transmi sai on . 

In the ATM- PON eye tern typified by ITU- TG .983.1, distance 
measurement is necessary. When a distance measuring signal has 
reached the station equipment beyond the distance measuriny 
region, this signal overlaps with the signal of the subscriber 
unit under operation. Thia leads to an issue of a transmission 
line alarm to the subscriber unit undei operation, and, thus, 
there is a fear of the subscriber unit under operation being 
brought to an inoperative etatc. 

For this reason, in ITU-TG. 963 . 1, the adverse effect on 
the subscriber unit under operation should be suppressed, and. 



when a distance measuring signal has reached the etation 
eauipment beyond the distance measuring region, the subscriber 
unit should be stopped. 

Japanssp Patent No. 3047970 discloses a PON system for 
realising delay time measurement processing, Japanpsp Patent 
Laid-open No. 261617/1999 discloses a method for measuring the 
dolay of an optical subscriber network using a star coupler, 
and Japanese Patent Laid-open No. 216803/2000 discloecc a 
method for computing an installation distance through the 
measurement of the delay time ot a PDS optical subscriber 
system. Arrording to these system and methods, the delay time 
from the subscriber unit can be measured, £ven in these sysr.am 
and methods, however, when thp distance measuring signal has 
reached the station equipment beyond the distance measurinq 
region, the subscriber unit cannot be stopped. Therefore, 
there is a fear that a transmission line alarm is issued to the 
oubscriber unit under operation and the subscriber unit unripr 
operation is brought to an inopprative state. 



SUMMARY UF THE INVENTION 
Accordingly, it is an object of the invention to piovide 
an optical subscriber system, which comprises a station 
equipment, a plurality of subscriber unite, a transmission line 
for transmitting trailing signals from the station equipment to 
the plurality of subscriber units and transmitting leading 
signals from the plurality of subscriber units to the station 
equipment, and a star coupler for branching trailing signals 
and combining the leading signals and, when the transfer line 



distance exceeds <i .reference value, can stop the subscriber 
unit, and to provide a transmission line distance monitoxiug 
method. 

According to the first feature of the invention, an 
optical subscriber system comprises: station equipment; » 
plurality Of subscriber units; a transmission line for 
transmitting trailing cignals from the station equipment to the 
plurality of subscriber units and transmitting leading signals 
from thp plurality of subscriber units to the station 
equipment; and a stai coupler for branching trailing signals 
and combining the 1 eariing signals, 

the ctation equipment comprisiny a transmission line 
distance monitor/processor unit which sends a distance 
measuring control signal to each of the subscriber units, 
measures, based on a distance measurinq signal returned from 
each of the subscriber units, the transmission line distance 
between the ctation equipment and each of the subscriber units, 
and judges whether the transmission line distance is larger or 
smaller than a reference value. 

Dy virtue of this construction, the optical subscriber 
system can judge, whether the transmission line distance is 
larger or omaller than a reference value, can avoid the 
collision of leading data, sent from the subscribers, againct 
each other within the optical transmission line, and, thus, can 
prevent the subsciiber unit under operation from bping brought 
to an inoperative state. 

In the optical subscriber system according to the first 
feature ot the invention, the station equipment may further 



comprise a trailing signal multiplexer and a 1 parting signal 
separator and functions to multiplex the distance measuiiny 
control signal, generated in the transmission line distance 
monitor/processor unit, in the trailing cignal multipexer to 
prepare a trailing signal, which is then sent to each of thp. 
subscriber units, and to spparate, from a leading signal 
returned from each of the subscriber units, a distance 
measuring signal, in the leading signal separator, which ic 
them sent to the transmieeion line distance monitoi /processor 
unit. 

According to this construction, the optical subscriber 
system can measure the transmission line distance between the 
station equipment and the subscriber unit-.n, can judge, whether 
the transmission lino distance is larger or smaller than a 
reference value, can avoid the collision of leading data, sent 
from the subscribers, against each other within the optical 
transmieeion line, and, thus, can yxevent the subscriber unit 
undei operation from being brought to an inoperative state. 
Tn this optical subscriber system, preferably, 
the transmission line distance monitor/procp.ssor unit 
comprises a distance measuring control cignal generator, a 
distance measuring section, and a distance "Judqment section, 
and 

the distance measuring control signal generated in the 
distance measuiiug control sicmal generator is multiplexed in 
the trailing signal multiplexer to prepare a trailing signal, 
which is then sent lo each of the subscriber units, and a 
distance measuring signal is separated from a leading signal, 



returned from each of the subscriber units, in the leading 
signal separator to prepare* a distance measuring cignal that is 
then input into the distance measuxixig section which sends a 
distance signal to the distance judgment section for judging 
whether the transmission line distance is laxyer or smaller 
than a reference value. 

According to this construction, the optical subscxibex 
oystem can measure the txansmission line distance between rhe 
Station eauipment and the subscriber unite, can judge, whether 
thQ trancmicoion line distance is laxger or smaller than a 
xeference value, can avoid the collision of leading data, sent 
from the subscribers, againct each other within the optical 
transmission line, and, thus, can prevent the subscriber unit 
under operation from being brought to an inoperative state. 

In the above optical subscribex systems, preferably, vhen 
the transmission line distance is larger than the reference 
value, an alarm is issued. 

According to this construction, the optical subscriber 
System can stop a subscriber unit, when the transmission line 
distance between the station equipment and the subscriber unit 
is larger than a reference value, ran avoid the collision of 
leading data, sent from the subecribers, against each other 
within the optical transmission line, and, thus, ran prevent 
the subscriber unit under operation from being brought to an 
inoperative state . 

According to the spcond feature of the invention, there 
is provided a method for monitoxing the transmission line 
distance between station equipment and each of a plurality of 



eubocriber units in an optical subscriber system comprising: 
station eauipment; a plurality of eubocriber units; a 
tranemioaion line for transmitting trailing signals trom the 
station equipment to the plurality of subscriber units and 
transmitting leading signals from the pluxality of subscriber 
units to the station equipment; and a star coupler for 
branching trailing signals and combining the leading signals, 
said method comprising the steps of: 

sending a distance measuring control signal from the 
ctation equipment to each u£ the subscriber units; 

measuring the transmission line distance based on a 
distance measuring signal returned from each of the subscriber 
units; and 

judging whether the transmission line distance is larger 
or smaller than a reference value, 

BY virtue Ot this construction, whether the trancmicoion 
line distance is larger or smaller than a reference value can 
be judged, the collision of leading data. sfinr from the 
subscribers, against each other within the optical transmission 
line can be prevented, and, thus, it is possible to prevent the 
subscriber unit under oppration from being brought to an 
inoperative state. 

In the method according to the second feature of the 
inventi nn, preferably, 

the station equipment comprises: a transmission line 
distance monitor/processor unit comprising a distance measuring 
control signal generator, a distance measuring section, and a 
distance "Judgment section; a trailing signal multiplexer; and a 
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leading signal separatux, and 

a distance Treasuring control cignal generated in the 
distance measuring control signal generator is multiplexed in 
the trailing signal multiplexer to prepare a trailing signal 
which is then cent to each of the subscriber units. 

According to this construction, the transmission line 
distance between the etation equipment and the subscriber units 
can be measured, whether the transmission line distance ie 
larger or smaller than a reference value can be judged, the 
collision of leading data, seat from the Subscribers, againsr 
each other within the optiral transmission line can be 
prevented, and, thus, it is possible to prevent the subscriber 
unit undex operation from being brought to an inoperative state. 

Tn this method, preferably, a distance measuring signal 
ia separated from a leading signal, returned from each of r.h« 
subscriber units, in the 1 finding signal separator to prepare a 
distance measuring cignal that is then input into the distance 
measuring section which sends a distance signal tn the distance 
judgment section for judging whether the transmission line 
distance is larger or smaller than a reference value. 

According to this construction, the trancmiosion line 
distance between the station equipment and the subscriber units 
can be measured, whether the transmission line distance ie 
largpr or smaller than a reference value can be judged, the 
collision of leading data, sent from the subscribers, against 
each other within the optical transmission line can by 
prevented, and, thus, it is possible to prevent the subscriber 
unit under operation from hping brought to an inoperative state. 



In the above methuds, preferably, when the transmission 
line distance is larger than the reference value, an alarm is 
issued. 

According to this construction, when the transmission 
line distance between the station equipiueiiL and a subscriber 
unit is larger than a reference value, the subscriber unit can 
bp. sfopped. Therefore, the collision of leadiuy data, sent 
from the subscxibers, against each other within the optical 
transmission linp can be prevented, and, thu3, it is possible 
to prevent the subscriber unit under operation rrom being 
brought to an inoperative state. 

BRIEF DESCRIPTI ON OF THf! DRAWIMfiS 
The invention will be explained in more detail in 

conjunction with the appended drawings, wherein: 

Fig. i is a block diagram showing the construction of an 

optical subscriber eyetcm according to the invention; 

Fig. 2 is a block diagram showing station equipment; and 
Fig. 3 is a timing chart of the operation in the 

tranami3aion line distance monitoring method according to r.he 

invention. 

DESCRIPTION OF T HE PRE FERRED EMBODIMENTS 
Preferred embodiments of the optical subscriber system 

according to the invention will be explained in conjunction 

with the accompanying drawings. 

Fig. 1 is a block diagram showing the construction ot the 

optical subscriber system according to the invention. 



Aa shown in Fig. l, che optical subscriber system 
according to the invention comprises station equipment 1, n 
subscriber unit3 (1st subscribe! unit 2 to nth subscriber unit 
3), a transmission line 5, and a star coupler 4. 

The transmission line 5 shown in Fig. 1 transmits 
trailing signals from the station equipment l to the plurality 
of subscriber units 2, 3 and leading signals from the plurality 
of subscriber units 2, 3 to the station eauipmenr. 1 . The star 
coupler 4 functions to branch trailing signals and, in addition, 
to combine leading signals. 

Pig. 2 is a block diagram of the station equipment 1. As 
shown in Fig. 2, the station equipment 1 comprises: a 
transmission line distance monitor/processor unit in comprising 
a distance measuring control signal generator 12, a distance 
measuring oection 14, and a distance judgment section 15; a 
trailing signal multiplexer 11; and a leading signal separator 

n . 

In the optical subscriber system according to this 
preferred embodiment, the station equipment 1 comprises the 
trancmiooion line distance monitor/processor unit 10 which 
sends a distance measuring control signal 23 to each of the 
subscriber units, and mcacures a transmission line distance 
based on a distance measurinq signal 25 returned from each of 
the subscriber units to judge whether the transmission line 
distance is larger or smaller than a reference value. 

As described above, the transmission line distance 
monitor/proccccor unit 10 comprises the distance measuring 
control signal generator 12, the distance measuring section 14, 



and the distance judgment section IS. 

Further, the station equipment 1 comprises che trailing 
signal multiplexer 11 and the leading signal separator 13. The 
distance measuring control signal 23 generated in the dis Lance 
measuring control signal generator 12 is multiplexed with a 
trailing main signal 2i in the trailing signal multiplexer 11 
and is sent a3 a trailing signal 22 to each of the subscriber 
units 2, 3. 

A leading signal 24 returned from each subscriber unit is 
separated in the leading sianal separator 13 info a leading 
main signal 26 and a distance measuring signal 2S which is then 
input into the distance measuiing section 14. in tne distance 
measuring section 14, the transmission line distance between 
the station equipment 1 and each of the subscriber units 2, 3 
is measured, and a distance signal 27 is sent r.o a distance 
judgment section 15. The distance judgment section 15 judges, 
whether the transmission line distance between the station 
equipment 1 and each ot the subscriber units 2, 3 is larger or 
smaller than a reference value, and outputs the distance 
judgment result 16. Here the term "reference value" refers to 
a distance rhat does not have an adverse effect, un a 
subscriber unit under operation, such that a transmission linp 
alarm is issued to the subscriber unit under operation and, 
consequently, the subscriber unit under operation is brought to 
an inoperative state. The distance as the reference value may 
bp arbitrarily set. 

When the xesult of the "judgment in the distance judgment 
section 3 5 is that the transmission line distance between the 
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station equipment 1 and each of the subscriber units 2, 3 is 
larger than the reference value, an alarm is output as the 
distance judgment result 1C, 

Next, the transmission line distance monitoring method 
acmrding to the invention will be explained in conjunction 
with Figs. 1 lo 3 . The transmission linft distance monitoring 
method according to the invention i3 applied to an uplical 
oub3criber system comprising: station equipment 1, a plurality 
Of subscriber units 2 . ^; a transmission line 5 which transmits 
trailing eignalc from the station equipmeut 1 to the plurality 
of subscriber units 2, S and leading signals from the plurality 
of subscriber unite 2, 3 to the station equipment 1; and a 
3tar coupler 4 which functions to branch trailing signals and 
to combine leading signals. 

In the transmission line distance monitoring method 
accoidiay to the invention. the distance measuring control 
signal 23 generated in the distance measuring control bignal 
generator 12 is sent Lo a trailing signal multiplexer 11. The 
distance measuring mntrol signal 23 cent to the trailing 
signal multiplexer 11 is multiplexed with the trailing main 
signal 21 in the trailing signal multiplexer to prepare a 
trailing signal 22 which i3 then passed thxuuyh the 
transmission line 5 and the Star coupler 4 and ifi RPnt to each 
Of the subscriber units 2, 3. 

Each of the subscriber units 2, 3, which have received 
the trailing Signal 22, multiplexes a distance measuring signal 
with a leading main signal to prepare a leading signal 24 which 
is then sent to the star coupler 4. The leading signal 14 ic 
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passed through the star culler 4 and the transmission line 5 
and is returned to the station equipment 1. The leading signal 
24. which has been returned from each of the subscriber units 2, 
3, is input into the leading signal separator 13 in the station 
equipment i. i n the leading signal separatux 13, the leading 
signal 24 is separated into the distancp measuring signal 25 
and the leading main signal 26. The distance measuxiuy signal 
25 i3 then input into the distance measuring section 14 in 
the distance measuring section 14, the transmission line 
distance between the station equipment 1 and each of the 
subscriber units 2, 3 is measured, and the distance signal 27 
is sent to the distance judgment section 15. The distance 
judgment section 15 judges, whether the transmi ssinn line 
distance between thp station equipment 1 and each of the 
subscriber unite 2, 3 is larger or smaller than the reference 
value, and outputs the distance judgment result 16. Here the 
tP.rm "reference value" refcro to a distance that does not have 
an adverse effect, on a subscriber unit under operation, such 
that a transmission line alarm is issued to the subscriber unit 
under operation and, consequently, the subscriber unit under 
operation is brought to an inoperative state. The distance as 
r.hp reference value may be arbitrarily set. 

when the result of the judgment in the distance judgment 
section IS is that the transmission line distance between Lhe 
station equipment 1 and each of the subscriber units 2. 3 is 
larger than the reference value, an alarm is output as the 
distance judgment result 16. 

Next, the operation of the transmission line distance 



monitoring method accuiding co the invention will be explained 
in conjunction with Fig. 3. 

Fig. 3 is a timing chart allowing the operation of r.hp 
transmission line distance monitoring method according to the 
invention. The ctation equipment 1 bends, at time TU. a 
distance measuring control signal 31 for a first subscriber 
unit, to the first subscriber unit. The first subscriber unit 
sends a distance measuring signal 32 to the station equipment 1, 
and the Station equipment 1 receives, at time Tl, the distance 
measuring oignal 32 from the first subscriber unit. At time T2, 
the transmission line distancp between the first subscriber 
unit and tho station equipment is computed. <*nd a distance 
signal 33 for the first subscriber unit is sent to a distance 
"judgment section. Tn this case, since the transmission line 
distance, between the first subscriber unit and the station 
equipment, judged based on the difit-.anre signal 33 for the firot 
subscriber unit is smaller than the reference value, any alarm 
is not issued as Lhe distance judgment result 36. 

Next, the mnnitoring of the transmission line distance 
between the nth subscriber unit and the station equipment 1 
will be explained. In this case, at time T3, the ctation 
pquipment 1 sends a dictance measuring signal 34 to the nth 
subscriber unit. in response to this, the nth subscriber unit 
sends a distance measuring signal 3 5 to the station equipment 1. 
At time T4, the station equipment 1 receives the distance 
measuring signal 35 from r.he nth subscriber unit- At time T5, 
the transmission line distance between the nth subscriber unit 
and the station equipment is computed, and a distance signal 3C 



for the nth aubscriber unit is sent lo the distance judgment 
section- In this case, since the transmission line distance, 
between the nth eubecriber unit and the station equipment, 
judged based on the distance signal 36 sent from rhe nth 
subscriber unit is larger than the reference value, an alarm is 
output as the distance judgment result 16. Upon the issup of 
the alarm, r.hp. start control for the nth eubecriber unit is 
e topped. 

AS described above, thp optical subscriber system 
according to the invention is provided with a transmission line 
distance moni tor/processor unit which measures the transmission 
line distance between the station equipment and the subscriber 
unit and judges whether the Liansmission line distance is 
larger or smaller than a referent* value. By virtue of thic 
construction, in the optical subscriber system couipxising a 
station equipment, a plurality of subscriber units. a 
transmission line for transmitting trailing signals from the 
ctation equipment to the pluiality of subscriber units and 
transmictina leading signals from the plurality of subecribcr 
units to the station equipment, and a star coupler for 
branching trailing signals and combining the leading signals, 
when the transmission line distance exceeds the reference value, 
the subscriber unit can be stopped. 

Further, in the transmission line distance monitoring 
method according to the invention, a distance measuring control 
siyaal is sent from the station equipment- to each subscriber 
unit. the transmission line distance between the station 
equipment and each subscriber unit is measured based on a 
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distance measuring signal xeturned from each subscriber unit, 
and judgment is made on vhpt-her the transmission line distance 
is larger or smaller than a reference value. By virtue of this 
construction, according to thp transmission line distance 
monitoring method of the invention, in the optical subscriber 
system eompxitsing a station equipmp.nr., a plurality of 
subscriber units, a transmission line for transmittiny trailing 
signals from the statiun equipment to tne plurality of 
subscriber units and transmitting leading signals from the 
plurality of subscriber units to the station ecruipment, and a 
stax coupler for branching trailing signals and combining the 
leading signals, when the transmission line distance exceeds 
the reference value, the subscriber unit can be stopped. 

The invention has been described in detail with 
particular reference to preferred embodiments , but it will be 
understood that variations and modifications can be effected 
within t-.he scope of the invention as set forth in the appended 
claims. 



